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Abstract. In any agricultural system based on legumes, nitrogen balance should take into account the 
flow of N2 by legume species. In this flow, the amount of N2 fixed by legumes is considered a reserve 
amount of nitrogen which, through harvesting, is removed from the nitrogen balance. The aim of the 
present paper is to assess the amount of nitrogen fixed biologically (NFB) in some legume species 
sowed in association and of the share of this amount of NFB of the total amount of nitrogen from the 
productions obtained. Thus, in the fodder system made up of Italian ryegrass + red clover cultivated 
for two years, the amount of NFB in the first year was 60 kg/ha. If we relate the amount of NFB to the 
amount of nitrogen exported through the fodder biomass, we see that the share of NFB varies between 
22 and 42%. 
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INTRODUCTION 
 
 Agriculture, which covers over 40% of the Earth’s surface, counts 3.4 billion ha of 
grassland, 1.4 billion ha arable land and 136 million ha of permanent crops. To ensure the 
necessary nitrogen in plant nutrition from these areas, biological nitrogen from the fixation of 
atmospheric nitrogen pays an important role. In this respect, there are numerous studies 
assessing the amount of fixed nitrogen, particularly of symbiotic nitrogen from the relation of 
nitrogen-fixing bacteria and species of the Family Fabaceae, depending on the ecological area 
and on the cultivation technology.  
 Each year, at global level, in the agroecosystems, about 50 million t of nitrogen are 
fixed (SMIL 1999; HERRIDGE et al., 2008). Likewise, UNKOVICH et al. (2008) consider 
that legume species fix between 15 and 25 kg nitrogen/t of dry matter, and UNKOVICH and 
PATE (2000) suggest that the rate of nitrogen fixation is 3-10 kg N/ha/day. In literature, they 
point out a wide variety of the amount of NFB in red clover sowed in mixture with different 
fodder grasses. Thus, research mentions the following amounts of NFB:: 85-93 kg/ha 
(BOLLER and NOSBERGER, 1987), 73-159 kg/ha (FARNHAM and GEORGE, 1993), 80-
93 kg/ha (RUSSOW et al., 1997), 154-343 kg/ha (LOGES et al., 2000). 
 
MATERIALS AND METHODS 
 
 Research was carried out at the Banat University of Agricultural Sciences and 
Veterinary Medicine in Timişoara, within the Centre for Research in Grassland and Fodder 
Crops, on a salty cambic chernozem, moderately gleyed, with pH (H2O) of 6.21.  
 The experiment was carried out on a fodder system of continuous cultivation of the 
agricultural land based on a crop of Italian ryegrass sowed in monoculture of in association 
with some fodder legumes. 
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 This system had the following crops in its structure: 
 Italian ryegrass (Ra) → Italian ryegrass (Ra), [Ra→Ra]; 
 Italian ryegrass (Ra) + red clover (Tr) → Italian ryegrass (Ra) + red clover (Tr), 
[RaTr→ RaTr]; 
 Italian ryegrass (Ra) → Hungarian vetch (Bt) → silage maize (Ps), [Ra → Bt → Ps]; 
 Italian ryegrass (Ra) + red clover (Tr) → common vetch (Bt) → silage maize (Ps), 
[RaTr → Bt → Ps]; 
 Egyptian clover (Ta) + oats (O) → Italian ryegrass (Ra) + red clover (Tr),  
[TaO → RaTr]; 
 (alfalfa – alfalfa – alfalfa – alfalfa) → Italian ryegrass (Ra) → (alfalfa – alfalfa – 
alfalfa – alfalfa), [(LLLL) → Ra → Ra → (LLLL)]. 
 Each fodder system, i.e. each crop of the system, having followed the crop rotation, 
was cultivated in two variants: one not fertilised with nitrogen (N0) and another one fertilised 
with nitrogen (N+) depending on the rate established for each crop. An estimate assessment of 
the amount of nitrogen fixed (NFB) was done through the method of the nitrogen difference 
modified by several authors (EVANS and TYLOR, 1987; ROSS et al., 2008; DRAGOMIR, 
2012). 
 
RESULTS AND DISCUSSIONS 
 
 I the fodder system Ra Tr → Ra Tr, the structure of the mixture made up of Italian 
ryegrass (60%) and red clover (40%) yielded in the first year of production (2009) an average 
amount of NFB of 60 kg/ha. Assessment depending on the share of atmospheric nitrogen (%), 
which in red clover was 71%, lead to an amount of 46 kg/ha NFB (Table 1). 
 After assessing the difference between the amount of nitrogen from the biomass and 
the amount of nitrogen from the rhizosphere of the species in the association, the amount of 
NFB is 84 kg/ha, and after the difference of nitrogen between the amount of nitrogen in the 
roots and N – NO3
-
 soil, yielded an amount of NFB of 51 kg/ha. 
 
 Tab. 1  
The amount of BFN in the fodder system made up of Ra Tr → Ra Tr (2009, Ra Tr) (N0) 
 
Variants of determining fixed nitrogen (NFB) 
through the nitrogen difference method 
Value of indices determined 
1. Share of atmospheric nitrogen (% Ndfa) and 
difference of Nt from the biomass of the species 
in the association (after ROSS et al., 2008; 
DRAGOMIR in print) 
 % Ndfa = 65 
 dNt (kg/ha) = 71 
 NFB (kg/ha) = 46 
2. Difference of nitrogen between the amount of 
Nt in the aerial biomass and the amount of 
Nmin (N – NH4
+
, N – NO3
-
) in the rhizosphere 
of the species in the association (EVANS and 
TAYLOR, 1987; DRAGOMIR, in print) 
 Nt (L) (kg/ha) = 305 
 Nt (G) (kg/ha) = 109 
 Nmin (L) (kg/ha) = 56 
 Nmin (G) (kg/ha) = 210 
 % legume = 40 
 NFB (kg/ha) = 84 
3. Difference of nitrogen between the amount of 
Nt in the roots and the amount of N – NO3
-
 in 
the soil 
 NR (G + L) (kg/ha) = 73 
 NR (G) (kg/ha) = 31 
 N – NO3
-
 soil (G + L) (kg/ha) = 52 
 N – NO3
-
 soil (G) (kg/ha) = 43 
 NFB (kg/ha) = 51 
Average of variants        NFB (kg/ha) = 60 
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 After assessing the difference between the amount of Nt in the biomass and the 
amount of Nmin in the rhizosphere of the species in the association, the amount of NFB is 84 
kg/ha, and after the difference of nitrogen between the amount of Nt in the roots and N – NO3
-
 
soil, we obtained an amount of NFB of 51 kg/ha. In literature, they point out a very wide 
variation of the amount of NFB in red clover crops sowed in mixture with different fodder 
grasses. Thus, research carried in this sense assessed the following amounts of NFB: 85-93 
kg/ha (BOLLER and NOSBERGER, 1987), 73-159 kg/ha (FARNHAM and GEORGE, 
1993), 80-93 kg/ha (RUSSOW et al., 1997), 154-343 kg/ha (LOGES et al., 2000). 
 
Tab. 2.  
The amount of BFN in the fodder system made up of Ra Tr → Ra Tr (2010, Ra Tr) (N0) 
 
Variants of determining fixed nitrogen (NFB) 
through the nitrogen difference method 
Value of indices determined 
1. Share of atmospheric nitrogen (% Ndfa) and 
difference of Nt from the biomass of the species 
in the association (after ROSS et al., 2008; 
DRAGOMIR in print) 
 % Ndfa = 70 
 dNt (kg/ha) = 53 
 NFB (kg/ha) = 37 
2. Difference of nitrogen between the amount of 
Nt in the aerial biomass and the amount of 
Nmin (N – NH4
+
, N – NO3
-
) in the rhizosphere 
of the species in the association (EVANS and 
TAYLOR, 1987; DRAGOMIR, in print) 
 Nt (L) (kg/ha) = 216 
 Nt (G) (kg/ha) = 66 
 Nmin (L) (kg/ha) = 49 
 Nmin (G) (kg/ha) = 35 
 % legume = 32 
 NFB (kg/ha) = 43 
3. Difference of nitrogen between the amount of 
Nt in the roots and the amount of N – NO3
-
 in 
the soil 
 NR (G + L) (kg/ha) = 46 
 NR (G) (kg/ha) = 21 
 N – NO3
-
 soil (G + L) (kg/ha) = 49 
 N – NO3
-
 soil (G) (kg/ha) = 36 
 NFB (kg/ha) = 38 
Average of variants        NFB (kg/ha) = 39 
  
              In the second year of production, upon decrease of the yield of dry matter and of the 
share of red clover in the mixture to 32%, there was a decrease of the amount estimated of 
NFB, i.e. on the average 39 kg/ha. After the three methods modified of the nitrogen 
difference, we obtained the following results (much closer than in the first year of 
production): 
 37 kg/ha, according to the share of Ndfa; 
 43 kg/ha, according to the difference Nt plant – Nmin; 
 38 kg/ha, according to the difference between Ntr - N – NO3
-
 soil. 
         
     Common vetch, made up Hungarian vetch (Vicia villosa) and triticales 
(Triticosecale) can fix important amounts of nitrogen. Studies carried out show that in 
favourable conditions common vetch fixes 149 kg N/ha, and during the less favourable 
climate conditions, the amount is only 80 kg N/ha (MUELLER and THORUP – 
KRISTENSE, 2001). In the conditions of Georgia (SUA), they obtained an amount of NFB of 
75-80 kg/ha (NESMITH and MC CRACKEN, 1994).  
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Tab. 3 
The amount of BFN in the fodder system made up of Ra → Bt → Ps (2010, Bt) (N0) 
 
Variants of determining fixed nitrogen (NFB) 
through the nitrogen difference method 
Value of indices determined 
1. Share of atmospheric nitrogen (% Ndfa) and 
difference of Nt from the biomass of the species 
in the association (after ROSS et al., 2008; 
DRAGOMIR in print) 
 % Ndfa = 67 
 dNt (kg/ha) = 137 
 NFB (kg/ha) = 92 
2. Difference of nitrogen between the amount of 
Nt in the aerial biomass and the amount of 
Nmin (N – NH4
+
, N – NO3
-
) in the rhizosphere 
of the species in the association (EVANS and 
TAYLOR, 1987; DRAGOMIR, in print) 
 Nt (L) (kg/ha) = 193 
 Nt (G) (kg/ha) = 64 
 Nmin (L) (kg/ha) = 55 
 Nmin (G) (kg/ha) = 38 
 % legume = 80 
 NFB (kg/ha) = 117 
3. Difference of nitrogen between the amount of 
Nt in the roots and the amount of N – NO3
-
 in 
the soil 
 NR (G + L) (kg/ha) = 94 
 NR (G) (kg/ha) = 29 
 N – NO3
-
 soil (G + L) (kg/ha) = 47 
 N – NO3
-
 soil (G) (kg/ha) = 38 
 NFB (kg/ha) = 74 
Average of variants        NFB (kg/ha) = 94 
  
            As a result of the research carried out by LYND and MC NEW (1983), without 
inoculation and with inoculation with bacterial strains, the amount of NFB varied between 34-
64 kg/ha. As a result of our own research, we could see that hairy vetch  cultivated in the 
fodder system Ra → Bt → Ps (having as a preemergent crop Italian ryegrass), yielded an 
average amount of NFB of 94 kg/ha with a variation between 74 and 117 kg/ha depending on 
the method. Taking into account the high percentage of hairy vetch in the structure of 
common vetch, the share of Ndfa was 67%.  
 
Tab. 4  
The amount of BFN in the fodder system formed out of Ra Tr → Bt → Ps (2010, Bt) (N0) 
 
Variants of determining fixed nitrogen (NFB) 
through the nitrogen difference method 
Value of indices determined 
1. Share of atmospheric nitrogen (% Ndfa) and 
difference of Nt from the biomass of the species 
in the association (after ROSS et al., 2008; 
DRAGOMIR in print) 
 % Ndfa = 69 
 dNt (kg/ha) = 126 
 NFB (kg/ha) = 87 
2. Difference of nitrogen between the amount of 
Nt in the aerial biomass and the amount of 
Nmin (N – NH4
+
, N – NO3
-
) in the rhizosphere 
of the species in the association (EVANS and 
TAYLOR, 1987; DRAGOMIR, in print) 
 Nt (L) (kg/ha) = 297 
 Nt (G) (kg/ha) = 92 
 Nmin (L) (kg/ha) = 57 
 Nmin (G) (kg/ha) = 41 
 % legume = 70 
 NFB (kg/ha) = 132 
3. Difference of nitrogen between the amount of 
Nt in the roots and the amount of N – NO3
-
 in 
the soil 
 NR (G + L) (kg/ha) = 97 
 NR (G) (kg/ha) = 42 
 N – NO3
-
 soil (G + L) (kg/ha) = 52 
 N – NO3
-
 soil (G) (kg/ha) = 41 
 NFB (kg/ha) = 66 
Average of variants        NFB (kg/ha) = 95 
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 In the fodder system made up of Ra Tr → Bt → Ps, common vetch crop had as a 
preemergent crop a mixture of Italian ryegrass and red clover (Table 5). In this context, the 
estimated average amount of NFB was 95 kg/ha, with a variation depending on the method of 
determination between 66 and 132 kg/ha. 
 
Tab. 5  
 
The amount of BFN in the fodder system formed out of Ta O → Ra (2009, Ta O) (N0) 
 
Variants of determining fixed nitrogen (NFB) 
through the nitrogen difference method 
Value of indices determined 
1. Share of atmospheric nitrogen (% Ndfa) and 
difference of Nt from the biomass of the species 
in the association (after ROSS et al., 2008; 
DRAGOMIR in print) 
 % Ndfa = 66 
 dNt (kg/ha) = 92 
 NFB (kg/ha) = 61 
2. Difference of nitrogen between the amount of 
Nt in the aerial biomass and the amount of 
Nmin (N – NH4
+
, N – NO3
-
) in the rhizosphere 
of the species in the association (EVANS and 
TAYLOR, 1987; DRAGOMIR, in print) 
 Nt (L) (kg/ha) = 243 
 Nt (G) (kg/ha) = 82 
 Nmin (L) (kg/ha) = 61 
 Nmin (G) (kg/ha) = 44 
 % legume = 60 
 NFB (kg/ha) = 107 
3. Difference of nitrogen between the amount of 
Nt in the roots and the amount of N – NO3
-
 in 
the soil 
 NR (G + L) (kg/ha) = 100 
 NR (G) (kg/ha) = 39 
 N – NO3
-
 soil (G + L) (kg/ha)= 56 
 N – NO3
-
 soil (G) (kg/ha) = 44 
 NFB (kg/ha) = 73 
Average of variants        NFB (kg/ha) = 80 
  
            
 Research shows that annual clover species among which Egyptian clover fix very 
large amounts of nitrogen depending on the cultivation technology and particularly depending 
on the crop rotation. Thus, studies carried out by BOWMAN et al. (2002) pointed out that in 
these species of annual clover the share of Ndfa is about 65% and the amount of NFB is 
between 5 and 238 kg/ha. BERGERSEN and TURNER (1983) show a share of Ndfa between 
96 and 99% and a nitrogen fixation rate of 4 kg N/ha/day. Research carried out in Australia by 
ANDERSON et al. (1998) by the cultivation of a mixture of some species of annual clover 
with some species of grasses pointed out an amount of NFB between 29 and 162 kg/ha/year. 
 In the conditions of our research, in the fodder system made up of Ta O → Ra,  the 
average amount of NFB resulted from the mixed crop of Egyptian clover and oats (TaO) was 
80 kg/ha, with a variation between 61 and 107 kg/ha (Table 6). 
  
 The fodder mixture made up of Italian ryegrass and red clover (Ra Tr), in the fodder 
system Ta O → Ra Tr, yielded an estimated amount of NFB of 59 kg/ha/year, and the values 
obtained by applying the three methods of nitrogen difference ranged between 45 and 76 kg 
N/ha. 
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Tab. 6  
The amount of BFN in the fodder system formed out of Ta O → Ra Tr (2010, Ra Tr) (N0) 
 
Variants of determining fixed nitrogen (NFB) 
through the nitrogen difference method 
Value of indices determined 
1. Share of atmospheric nitrogen (% Ndfa) and 
difference of Nt from the biomass of the species 
in the association (after ROSS et al., 2008; 
DRAGOMIR in print) 
 % Ndfa = 58 
 dNt (kg/ha) = 78 
 NFB (kg/ha) = 45 
2. Difference of nitrogen between the amount of 
Nt in the aerial biomass and the amount of 
Nmin (N – NH4
+
, N – NO3
-
) in the rhizosphere 
of the species in the association (EVANS and 
TAYLOR, 1987; DRAGOMIR, in print) 
 Nt (L) (kg/ha) = 297 
 Nt (G) (kg/ha) = 123 
 Nmin (L) (kg/ha) = 59 
 Nmin (G) (kg/ha) = 47 
 % legume = 40 
 NFB (kg/ha) = 76 
3. Difference of nitrogen between the amount of 
Nt in the roots and the amount of N – NO3
-
 in 
the soil 
 NR (G + L) (kg/ha) = 84 
 NR (G) (kg/ha) = 36 
 N – NO3
-
 soil (G + L) (kg/ha)= 55 
 N – NO3
-
 soil (G) (kg/ha) = 47 
 NFB (kg/ha) = 56 
Average of variants        NFB (kg/ha) = 59 
 
 
CONCLUSIONS 
 
 In mixture crops, the amount of NFB is lower than in pure legume crops. 
 In the fodder system RaTr → RaTr, the estimated amount of NFB was 60 Kg/ha, 
30% smaller than in pure crop. 
 In the fodder system with hairy vetch, the amount of NFB was 87 Kg/ha, 53% less 
than in the common vetch crop.  
 The mixture of Egyptian clover + oats yielded an amount of NFB of 61 Kg/ha, i.e. 
68% less than in the pure Egyptian clover crop (160 Kg/ha). 
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